Abstract Proper timing of pesticide applications is paramount when attempting to control scale insects (Hemiptera: Diaspididae, Coccidae) that are important pests of landscape plant ings. Use of degree-days and phenological indicators can better time the applications and reduce the number of treatments. Seasonal appearance of five species of scale insects in the urban landscape along with flowering phenology of 40 plant species were systematically moni tored during 1997, 1998, 1999 and 2000 in Athens, GA. Degree-day calculations for predicting first-generation crawler emergence were attained by two methods: use of standard-base or an experimentally determined base temperature. Predictions using a standard temperature resulted in high year-to-year variance. Use of a model-derived base temperature reduced the variance for degree-days needed for first crawler emergence. Mean base temperatures for European fruit lecanium, Indian wax scale, obscure scale, euonymus scale, and tea"scale were, respectively, 12.78, 12.78, 5.0, 3.89, and 5.0°C. The range in degree-days required for first crawler emer gence of each species using first the experimentally derived base, or the standard base tem perature of 10.56 were 1184 to 1296 or 1064 to 1622 for European fruit lecaniUfn; 846 to 1014 or 1150 to 1380 for Indian wax scale; 1246 to 1268 or 515 to 566 for obscure scale; 1366 to 1492 or 313 to 597 for euonymus scale; and 526 to 1502 or 202 to 776 for tea scale. Natural enemy complexes observed in association with each of the scale species are discussed.
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J. Eritomol. Sci. Vol. 39, No.4 (2004) ance of the host plant, rendering it unsaleable. Indirect damage can also be seen in the production of honeydew by scales that promotes growth of sooty mold (Williams and Kosztarab 1972) . Sooty mold reduces the aesthetic value of the plant and may decrease overall photosynthetic productivity. Economic losses from scale insects reach an estimated $500 million annually in the U.S. (Kosztarab 1996) .
Scale insects commonly found in the urban landscape in Athens, GA, are: tea scale (Fiornia theae Green (Hemiptera: Diaspididae) on hollies and camellia; Indian wax scale (Ceroplastes ceriferus (F.) (Coccidae) on a wide host range; euonymus scale (Unaspis euonymi (Comstock) (Diaspididae) on euonymus; obscure scale (Melanaspis obscura (Comstock) (Diaspididae) on oak trees; and the European fruit lecanium (Parlhenolecanium corni (Bouche) (Coccidae) on oaks, maples and wax myrtle. When these insects become a problem, most growers either prune out the infested material or apply pesticides. Natural enemies and other life-history informa tion are often not incorporated into management strategy. For example, the European fruit lecanium can reach high numbers, but the population is generally kept at low levels with natural enemies (Kosztarab 1996) . Currently, natural enemy complexes are known for few scale insects, and much of the data are regional.
Previous research has evaluated life-history attributes of some scale insects, iden tified phenological indicators, and developed growing degree-day models for male flights and crawler emergence. The use of phenological indicators involves predict able effects of climate on the seasonal timing of biological events such as flowering or inse'ct emergence (Huberman 1941 , Tauber et al. 1986 ). Deg~ee-day accumula tions can be correlated with seasonal activity of some pests and often provide more accurate timing than relying on calendar dates (Raupp et al. 1992) . The calculation of degree-days gives growers a better ide,a of when to scout for pests and to spray insecticides for control of the susceptible crawler life stage. Scale insects for which degree-day information is available include: obscure scale [Melanaspis obscura (Comstock)] (Potter et al. 1989 , Hendricks and Williams 1991 , Mussey and Potter 1997 , walnut scale [Quadraspidiotus juglans-regiae (Comstock)] ( Potter 1988 Musseyand Potter 1997) , olive scale [Parlatoria oleae (Colvee)] (Nestel et al. 1995) , California red scale [Aonidielfa aurantii (Maskell) ] (Murdoch 1994) , white peach scale (Pseudaulcaspis pentagona Targioni-Tozzetti) (Murdoch 1994) 
Materials and Methods
Study sites. Four research sites in Athens, GA, were established for the European fruit lecanium, Indian wax scale, and tea scale. Three sites were chosen for euony mus scale and two sites for obscure scale. Research sites for European fruit lecanium included 7 pin oaks bordering buildings on University of Georgia campus, six willow oaks bordering an apartment complex, three pin oaks bordering Sandy Creek Nature Center facilities, red maples bordering buildings on University of Georgia campus. Research sites for Indian wax scale included 3 burford hollies bordering the Biological Sciences Building on the University of Georgia campus, 8 burford hollies in the front of a local restaurant, 6 burford hollies bordering a local church, 22 burford hollies in a landscaping around a local business. Sites chosen for obscure scale included: 7 pin oaks bordering buildings on the University of Georgia campus and 14 pin oaks planted in the landscape around a local business. Study sites for euonymus scale on the cultivar "Silver King" were 8 euonymus planted in the landscape of a local church, 4 euonymus bordering a local business, and 6 euonymus at a local residence. Study sites for tea scale included 4 Camellia japonica shrubs planted on the University of Georgia campus, 8 burford hollies bordering buildings of University of Georgia, 4 burford hollies bordering a local church and 22 burford hollies used in the landscape around a local business.
Monitoring of flowering plants. Forty species were monitored for four growing seasons from February 1997 to July 2000. Plants were inspected twice per week from late winter to early summer. Indicator plants were chosen based on ease of identifi cation by the laymen. Only mature plants (large enough to flower) that represented a range of blooming times were chosen. The different blooming times were used to help pinpoint emergence times for different scale insects occurring in the landscape plants of Georgia. To reduce bias from variation in microclimate, each plant species was monitored at four different sites. Recorded data included, first bloom, 50% bloom and full bloom. First bloom was defined as the date at which the plant produced its first bloom. Fifty percent bloom and full bloom were determined by evaluating four ran domly selected limbs for each plant and counting the number of reproductive struc tures. Average data and range for each phenological event of each plant species were determined from the four sites within each year. Average dates and ranges for each blooming event were calculated across the 4-yr study.
Monitoring of insects. Scale insect populations were monitored concurrently with flowering plants. Samples of live plant material were taken once every 2 wks from mid-February to the end of September during 1997 September during , 1998 September during , 1999 September during and 2000 . Samples were transported to the laboratory, placed in 18-cm diam Petri dishes, and observed for the adult male, crawler and parasitoid emergence. Additional live material was collected weekly and placed in parasitoid emergence containers and monitored for parasitoid emergence. Parasitoid emergence containers were 1 .89-L cardboard con tainers with a glass vial attached to the side of the container. Field observations of scale populations and potential natural enemies were made twice per week per site. Crawlers were collected either on double-sided sticky tape placed near adult females or by using an aspirator. After counting crawlers, sticky tape was removed and re placed with a fresh sticky tape, and live collected crawlers (from aspirator) were returned to portions of the host plant. Collected natural enemies were identified in the laboratory or were sent to appropriate taxonomists for identification.
Site temperatures and degree-day accumUlations. Temperature readings were obtained at each study site for each scale species using a Hobo ™ monitor (Onset Computer Corporation, Pocasset MA) from 1 January to 31 December of each year (1997, 1998, 1999 and 2000) for European fruit lecanium, Indian wax scale, euony mus scale, and tea scale. Temperature readings were taken from 1 January 1999 through December 2000 for obscure scale. Temperature data were entered into a computer program (Degree-day Utility, Higley et al. 1986) , and degree days were calculated using 10.56°C as the base temperature and 32.22°C as the upper thresh old using the single sine method. The threshold temperatures of using 10.56 and 32.22°C were arbitrarily chosen based on previous use of these temperatures in calculating growing degree days for scale insects in California. Live samples of scales were collected at monthly intervals (November through February) for 2 yrs and placed in incubators (PerCival Co., Perry, IA) at each of the following temperatures to attain a model for the developmental time of first-instar emergence: 15, 18, 21, 27 and 30°C ± 1°C. Samples were checked twice per week for crawler emergence. The reciprocal of development time was regressed on temperature using a linear least squares technique (Steel and Torrie 1960) . Temperature thresholds for crawler emergence were determined by extrapolation of the regression line to the abscissa. Data were entered into the formula DO = K t = (T -To)*D t , where T =tested temperature, To = base temperature, and D t =mean developmental time to a particular stage of devel opment at temperature T. Degree-days were then recalculated through the degree day utility program using the base temperatures attained from the model. Results from using the model temperatures were compared to that of field-collected data using the set standard-base temperature of 10.56°C.
Results
European fruit lecanium, Partheno/ecanium corni. One generation occurred in 1997 and 2000; two generations occurred were observed in 1998, 1999 with second generation crawlers emerging in early autumn. Calendar dates and degree-days were recorded for the crawler emergence time periods for each site (Table 1) . Average calendar date for first crawler emergence at the four sites ranged from 23 May to 15 June. Each first emergence spanned an average of 10 days. Degree-days calculated from the field using 10.56°C as the base temperature varied from year to year with 1997 having a mean of 1100, 1998 having a mean of 1382, 1999 having a mean of 1150, and 2000 having a mean of 1582 degree-days to first crawler emergence. Results from the linear regression model yielded a base temperature of 12.78°C. Recalculation of degree-days using this new base temperature yielded the following results: 1997 with a mean of 1203, 1998 with a mean of 1198, 1999 with a mean of 1263, and 2000 with a mean of 1209 degree-days to first emergence.
The only plant species that corresponded with first crawler emergence as a po tential indicator plant was oak leaf hydrangea. In 1997, 1999, and 2000 oak leaf hydrangea was in full bloom when crawlers were emerging. In 1998, the oak leaf hydrangea had completed blooming 1 wk prior to crawler emergence.
Both parasitoids and predators were collected from the European fruit lecanium. (Table 2) were fairly uniform with 1997 ranging from 2 June to 15 June, 1998 from 5 June to 14 June, 1999 from 30 May to 2 June, and 2000 from 27 May to June 5. Degree-day calculations using field-collected data (Table 3) yielded results with a wide range of variance from 1087 to 1485 and a mean of 1308 over the 4 yrs. Use of the linear regression model yielded a base temperature of 12.78°C instead of the 10.56°C that was used in the field data. Recalculation of the degree-days using the new base temperature yielded the following degree-day calculations to first crawler emergence: 843 in 1997,930 in 1998,910 in 1999, and 896 in 2000 . The only phenological indicator that corresponded with 'first crawler emergence of Indian wax scale was Yucca filamentosa L.
Natural enemies that were recorded for Indian wax scale include a parasitoid, : 1409 in 1997, 1472 in 1998, 1390 in 1999, and 136S in 2000. Phenological indicators that corresponded with the first crawler emergence were recorded in each year. In 1997, snowball vibumum was in SO% bloom, and Oregon grape was beginning to bloom. In 1998, Oregon grape was in SO% bloom and snow ball viburnum was in SO% bloom. In 1999, red maple was in SO% bloom, Oregon grape was in SO% bloom, black cherry was in SO% bloom, and Florida dogwood was in SO% bloom. In 2000, black cherry was in SO% bloom, and Florida dogwood was in SO% bloom.
Natural enemies that were collected for the euonymus scale were Korean lady beetle, Chi/ocorus kuwanae (Coleoptera: Coccinellidae); the predatory nitidulid, Cy~ bocepha/us sp. ( Phenological indicators for first crawler emergence in tea scale were 1997, Chi nese wisteria in SO% bloom and honeysuckle beginning to bloom; 1998, Chinese wisteria SO% bloom, tulip poplar beginning to bloom, sugar maple in SO% bloom; 1999, henbit beginning to bloom, common chickweed beginning to bloom; and 2000, honeysuckle beginning to bloom and Chinese wisteria SO% bloom.
Natural enemies that were found attacking or associated with tea scale included a aphelenid parasitoid, Encarsia sp. (Hymenoptera: Aphelenidae); a eulophid parai soid, Aprostocetus sp. (Hymenoptera: Eulophidae); the convergent lady beetle, Hip podamia convergens (Coleoptera: Coccinellidae); the green lacewing, Chrysoperia carnea (Neuroptera: Chrysopidae); the bowl and doily spider, Frontinella pyramitela (Araneae: Linyphiidae); and an agelenid spider, Agelenopsis sp. (Araneae: Ageleni dae).
Other scale species. Other species of scales for which degree-day information and limited life-history data were collected included cottony maple leaf scale . A population of cottony maple leaf scale on red maple (one site on the University of GA campus) was observed for 1998, 1999, and 2000. Only one generation occurred per year. Dates for crawler emergence ranged from 13 May to 28 May for the 3 yrs. Degree-days ranged from 892 to 1229 using a base temperature of 10.S6°C. Phenological indicators were tulip poplar beginning to bloom in each of the 3 yrs and oak leaf hydrangea beginning to bloom in 1998. Natural enemies were not observed. Two sites were observed over 1997, 1998, and 2000 for the cottony camellia scale. Sites included a local church (host plant was burford holly) and the Psychology Building at the University of Georgia (host plant was bradford pear). Only one gen eration occurred per year. Crawlers began to emerge in late June for 1997 and 2000, and in mid June for 1998. The degree-days (using 10.56°C as the base temperature) ranged from 1584 to 1941 in 1997,1463 to 1649 in 1998 and 1422 to 1637 in 2000. No phenological indicators were found to correspond with first crawler emergence. Natural enemies that were observed included the green lacewing, Chrysoperla car nea (Neuroptera: Chrysopidae); the bowl and doily spider, Frontinella pyramitela (Araneae: Linyphiidae); and unidentified Clubionid spider (Araneae: Clubionidae); and acrobat ants, Crematogaster sp. (Hymenoptera: Formicidae). The University of Georgia campus was the only site where cottony maple scale (host plant was red oak) was found. The emergence dates for crawlers were deter mined for 1997, 1998, 1999, and 2000 . Only one generation per year occurred at this site. The emergence dates ranged from mid to late May. Degree-days ranges for first crawler emergence ranged from 898 to 1321 using 1 0.56°C as the base temperature. Phenological indicators for first crawler emergence was tulip poplar beginning to bloom in 1997 and 1998, and tulip poplar at 50% bloom in 1999 and 2000 In 1999 and 2000, acrobat ants (Crematosgastersp.) were associated with this population. No natural enemies were observed for either population during our study. Cottony cushion scale populations were observed in 1997 at Lake Herrick on the University of Georgia campus (host plant wax myrtle) and at a local bank in Athens (host plant camellia) in 1998. Multiple generations occurred each year. Number of degree-days to first crawler emergence (using 1O.56°C as the base temperature) ranged from 598 to 645 in 1997, and from 434 to 452 in 1998. The phenological indicator for 1997 was tulip poplar beginning to bloom and for 1998 Florida dogwood in full bloom. Carpenter ants (Camponotus sp.) were associated with the 1997 popu lation, and the vedalia beetle [Rodolia cardinalis (Mulsant)] was associated with each population.
The oak felt scale was observed in both the years of 1998 and 1999 on red oak and pin oak. Populations of this scale were univoltine. Dates for first crawler emergence were uniform over both years, occurring within the first 2 wks of April. Degree-days (using 10.56°C as the base temperature) ranged from 285 to 338 in 1998.and from 481 to 521 in 1999. One natural enemy was found, a coccinellid (Hyperaspis nr. bigeminata). No phenological indicator was recorded for this scale species.
Discussion
The present study investigated the IJse of degree-days, calendar dates, and phe nological indicators for predicting occurrence of scale insects. Use of a standard base temperature and an experimentally-derived lower threshold temperature was com pared. In each case, use of the experimentally-derived lower threshold yielded esti mations that were less variable than those calculated using a standard-base tem perature.
The European fruit lecanium is a cosmopolitan pest of urban landscape deciduous trees throughout the southeaster U.S. although previous works indicate that there generally is only one generation of this scale per year, Kosztarab (1996) reported two generations on peach in Pennsylvania. Our study showed that two generations of this scale may occur in the southeastern U.S. The natural enemies that we collected were similar fo those reported previously for this insect (Kosztarab 1996) . The predatory fungus weevil, Anthribus nebulosus Forster, was not previously known to occur in Georgia. This Eurasian predator of scale insects, introduced into Virginia as a bio logical control agent (Kostarab and Kozar 1983) , previously has been known in the U.S. only from Virginia, Connecticut, Massachusetts, and New York. Northeastern populations are considered adventive (Hoebeke and Wheeler 1991) . Dates for the first crawler emergence were uniform, occurring in late May and early and mid June. Previous estimates of 846 to 1,657 GOD (Stewart et al. 2002) for crawler emergence were narrowed to a range of 1172 to 1342 using an experimentally-derived base temperature of 12.78°C.
Indian wax scale is another common scale insect in landscapes throughout the southeaster U.S. Natural enemies included a Metaphycus sp., green lacewing larva, convergent and twicestabbed lady beetles. Both bowl and doily spiders and sheet web spiders are common on hollies that maintained populations of Indian wax scale in this study. Scale crawlers were seen trapped in webs of both of these spiders, but we did not determine the impact of spider webs on crawler mortality. Other insects included various members of the Hymenoptera, which might have been collecting honeydew from the Indian wax scale. Crawlers first emerged in late May through mid June. Only one phenological indicator, Yucca filamentosa, corresponded to crawler emergence for each of the years. Obscure scale, a common pest of oaks in the urban landscape, can have severe effects on its hosts. High populations will readily cause limb die-back. Only one generation occurred for each year of this study. The natural enemy complex found in Athens is consistent with previous reports (Stoetzel and Davidson 1971 , 1972 , Potter et al. 1989 , Hendricks and Williams 1992 . The pink headed scale fungus was present 'from late July to early August of 1999 and 2000. This fungus is known to significantly affect populations of obscure scale when present (Stoetzel and Davidson 1971, 1972) . Crawlers began to emerge between mid to late April. Hendricks and Williams (1992) forecasted the degree-days for the obscure scale using the model of Potter et al. (1989) of 4.44°C. The data obtained from use of this model yielded accumulated degree days to crawler hatch that ranged from 1,498 to 1,566 for the population of obscure scale in Auburn, Al. These results were similar to that of the obscure scale populations found in Lexington, KY, where accumulated degree-days to crawler emergence ranged from 1,530 to 1,566. Degree-day accumulations for AtAens, GA, using a set base temperature of 10.56°C, ranged from 497 to 598. Use of the linear regression model yielded a base temperature of 5°C and a degree-day range from 1248 to 1261.
Our findings provide a better understanding of scale crawler phenology and natural enemy interactions in the urban landscape. Future research may focus on overall importance of natural enemies such as the bowl, doily, and the sheet web spiders in scale pest population dynamics. Quantification of crawler mortality due to incapaci tation in spider webs could be important. Further work may also include greater investigation of parasitoid complexes through rearing live sarnples of scales from different populations. Use of models to calculate the lower threshold for development of scale insects can improve prediction of crawler emergence.
